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SUMMARY 

Wind-tunnel tests were performed to determine the drag 
of the f ront-wheel arrangement £ of several types of tricy- 
cle landing ?ear . One wheel was tested in arrangements to 
simulate "both nanretracted and partly retracted types. The 
landing ?ears were tested in conjunction with a fuselage, 
and the effects of wheel extension and longitudinal loca- 
tion were determined* 

The drag changed very little with either longitudinal 
location or wheel extension for the landing gear with the 
lowest drag; a completely faired landing gear cf the wheel- 
spat, single-st rut type . The- dra-; of the trouscr-type 
landing gear increased considerably, however, with an in- 
crease in the wheel extension. The wheel cf the unf aired 
retractable landing gear was at least one-half retracted 
into the fuselage before the dra? became less than that of 
the best nonretracted landing gear. The drag per unit 
frontal area of the landing gears of the present tests was 
about the same as that found for similar landing gears in 
earli or tests. 

INTRODUCTION 



Several years ago tests of a large number of conven- 
tional two-wheel larding gears alone and also in combination 
with fuselage, wings, and nacelle were made by the ITACA. 
(See references 1, R, and 3.) These tests contributed a 
considerable amount of basic information about the drag of 
landing gears. The drag of the fixed and the partly re- 
tracted forward component of the tricycle landing gear 
could not be predicted with certainty from the previous 
tests because these tests did not include landing gears that 
were located at the forward end of the fiiselage. 
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The tests herein reported were made to determine the 
&ra*5 of no se— wheel landin^-*;ear arrangement s and possible 
variations peculiar' to tricycle landing ;ears« The landing 
gears tested wore restricted to a few cantilever types 
found to he ?ood in the earlier tests. Host of then were 
tested in four longitudinal positions. 



APPARATUS 



The tests were made in the 1 T ACA 20-foot wind tunnel. 
(See reference 4.) The return passages of the tunnel have 
"been Slightly altered and a new six-element "balance lias 
"been installed since reference 4 was written. 

The fuselage to which the landing -ears were fitted is 
Shown supported on the "balance in figure 1. The forward 
half of the fuselage is approximately elliptical in cross 
section; the nose and the windshield approximate the shape 
of the nose and the windshield on a modern transport fuse- 
la^e. 

The landing ^ears tested may "be classed as non retract- 
ed and partly retracted types. The wheel used for all tests 

is a ■ - scale model of a nominal 47-inch smooth contour 

wheel. 3?he unf ai red wheel and fork are shown in figure 2. 
Figure 3 shows the landing ejear designated strut-faired 
landing ?ear, A streamline fairing of Navy 1 strut section 
is slipped over the round strut. Figures 4 and 5 represent 
complete fairings designated I and II, which are the 
wheel-spat, sin^ie-strufc type and the trouser type, respec- 
t i vely . 

Complete fairing II is obtained by slipping the lar^e 
streamline cylindrical fairing down over the strut and the 
wheel to the naximun section of the wheel fairing, which it 
fits snugly* The partly retracted landing ?ears tested in- 
cluded an unf aired landing %ear alone and retracted into 
the streamline fairing, "both with and without the fairing 
cap. The fairing is shown in figure 6. 
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::zihods 



All the landing gears were tested in conjunction with 
the fuselage', which was set at zero pitch, Figttre 7 is a 
composite sketch showing part of the outline of the wheel 
in each position tested. The longitudinal locations are 
called positions A, B , 0, and D and the radial location 
along any of these lines is given as a certain extension 
in rheel diameters measured iron the outermost wheel sur- 
face. Figures 8 to 32 show the various arrangements, the 
modifications, and the cLrag results. 

Drag and dynamic pressure were measured, for every ar- 
rangement . 

PRECISION 



Based on the check of zero readings and on repeat 
tests, the drag is "believed to be accurate to within ±0.5 
pound. The relative precision of the tests made close to- 
gether in a scries, in which the fillet- was the only change, 
is with few exceptions believed to he wi t hin ' ±0# 2 pound. 



RESULTS A1TD DISCUS SI OH 



All drag values presented in. this report were taken 
from faired curves of drag plotted against dynamic pressure. 
The most' useful of the results given in figures 3 to 3'2 are 
summarized in tables I and II, Plots of drag against wheel 
extension for the various, types of gear are shown in figure 
33« Figures 34 and 35 show the variation of drag with, the 
longitudinal location* These three figures' present the 
chief trends and the local deviations from them. 

The nonretracted landing gears in order of decreasing 
drag are: unf aired landing ^ear, strut-faired landing gear, 
completely faired landing gear II, and completely faired 
landing gear I. die exception to this order is found in 
position 3, where the complete!:- faired landing. gear II 
at less than 1.16 diameter extension is lower in 'dra^ than 
the completely faired landing °;car I at' the same extension* 

• The partly retracted landing gears in order of decreas- 
ing drag are: the landing gear- in streamline f airing with 
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cap off , the unf aired landing ^ear alone, and the landing 
gear in streamline fairing with the cap on. 

The drag of the unf aired landing sjear in the strean- 
line fairing with the. cap on is much lo-jer. than that of any 
of the nonretracted landing ^cars extended more than 1,25 
wheel diameters, "out the unf aired landing -;ear alone rust 
he retracted alr.ost 0.5 diameter "before its dra- c > is reduced 
to that of the lest nonretracted landing ^ear. 

There is a general trend of increased drag with an in- 
creased extension, hut the drag of the completely faired 
landing gear I remains substantially constant with an in- 
crease in the extension. The unf aired landing r ;ear and the 
completely faired landing gear II shew the greatest in- 
creases with extension,, 

The drag of each landing ^car either does not change 
or initially increases as the landing -^ear is moved to a 
more rearward position. Of the landing ;ears tested in 
the most rearward position D, only the unf aired landing 
gear had a lower drag than the same landing ?ear in the 
next forward position C. Of the nonretracted landing 
gears, the ukfaired landing tear and the strut-faired land- 
ing gear showed the greatest change in drag with longitu- 
dinal position. The partly retracted landing % ears showed 
practically no change with longitudinal position. 

Fillet changes on the completely faired landing ^ear 
I had only a small effect. Fillet changes on the completely 
faired landing ^ear II caused con si dera hi e change in drag, 
hut the variation with fillet -size was net regular * - 

The dra^ per unit frontal area of the completely faired 
landing gears I and II was ahout the same as that found for 
the similar landing .^ears 3 and A, respectively, of ref- 
erence 2 # 

CONCLUSIONS 



The drag changed very little with either longitudinal 
location or wheel extension for the landing Sear with the 
lowest drrig: a completely faired landing ?ear of the wheel- 
spat, single-strut type. The drag of the trouser-type 
landing ^ear increased censi derahly , however, witih an in- 
crease in the wheel' extension. The wheel of the unf aired 
retractable landing -^ear was at least one-half retracted 
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into the fuselage "before the dra^ became Ices than that of 

the oest nonretracted landing -;ear, The dra-; per unit 

frontal area of the landing ^ears of the present tests was 

about the same as that found for similar landing : ;ears in 
earlier tests. 



Lanqley Lie no rial Aeronaut i cal Laboratory , 

National Advisory Committee for Aeronautics, 
Lan^lev Field, Va., October 10, 1940. 
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TABLE I 

Drag at 100 mph of Konretracted Landing Gear 
and Wheel Arrangements 

[D rag values given are for optimum fillets. For fillet 
dimensions used and for values obtained with fillet 
arrangements with higher drag, see figs. 8 to 28, 
inclusive.] 
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TABLE II 

Dra^ at 100 r.ph of Partly Retracted Landing-Gear 
and Wheel Arrangement s 

( Dra^ values ^iven are for optimum fillets. Por fillet di- 
mensions, see figs. 29 to 32, inclusive; 





Wheel 




j 




Bro 


> 


, IT) 














! 






Fai ring 


ext en s i o 


n 


! 






] 




Part ly 


an d 






Po si ti o 


n 


Po si t i c 


n 


Position 


retracted. 


reference 


( dian . ) 








o 




D 


into tip 












. 






of nose 


TJnf aired 


0. 75 


— 


4.0 




4.8 


— 


_^ 




% e a r 


.50 




1.0 




1 ft 




1.7 


0.5 


(fig- 2) 


.25 








. o 


— 


1.2 




S t reanline 


















fai ri ng , 


0. 75 




5.9 




6.8 








cap off 


.50 




5.2 




4.9 








(fig. 5) 


















S t reanline 




i 














fairing , 


0.75 




0.5 




0.8 








cap on 


.5 0 


i 


-.1 




.0 








(fig. 6) 




i 















I 





IACA Technical Iota Ho. 788 




Figure 3.- Landing gear with etrut fairing. 
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Figure 33.- Relation of wheel extension to drag of landing gear. The wheel opening is open for all partly 
retracted conditions (all extensions less than 1 diametei) but is closed for all of the 
others. 
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Figure 34.- Relation of drag of nonretracted landing gear to distance back of nose. 
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Figure 35.- Relation of drag of partly retracted landing gear to distance back of nose. 



